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Cited Patents: EP 352740; EP 663265; FR 1075634; US 4948259; US 5081796 
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Patent No Kind Lan Pg Main IPC Filing Notes 
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Designated States (Regional): DE FR GB IT NL 
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US 5964643 A B24B-049/00 CIP of application US 95413982 

TO 369681 A H01L-021/302 
Abstract (Basic): EP 738561 A 

The appts. includes rotatable polishing platen (16) with polishing 
pad (18), wetted with abrasive slurry, rotatable polishing head (12) 
for holding the wafer (14) against the polishing pad, and endpoint 
detector which comprises a laser 

interferometer capable of generating a laser beam directed towards 
the wafer and detecting light reflected from the wafer, and a window 
disposed adjacent to a hole formed through the platen. 

A position sensor is further included in endpoint detector for 
sensing the window position relative to the wafer such that laser beam 
generated by the interferometer can pass unblocked through the window 
and impinge on wafer. The window provides a pathway for the laser beam 
to impinge on the wafer at least during part of a period of time when 
the wafer overlies the window which 

comprises an insert mounted within the platen hole. The insert is 
transmissible to laser beam. The hole through the platen and the window 
are arc-shaped having radius with origin coincident with a centre of 
rotation of the platen. 

ADVANTAGE - Provides in-situ measurement of uniformity of polished 
layer, detects when CMP system is not operating as desired. 
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(CMP) *tf ^/c^It'iot, 

(a) mm*? ytciof)* v 

( b ) Ftc3tLr^x^*fflj*-rSft:«>co, 0 

( c ) fcdsfcfflgr « or % «reB&£fttf]«tt, ( c 

pjffcrft*), .Ro, 0^#>e>j5*f3tiT < €>**lfttti 

ii/©rtap«:iaflt3ns^>^ F*fli^, BuiB^if- 20 
h »r u - if - tf- a cc>r+ L/ r sattft s« 1 

CCBE*<D«« B 

[i»^c3i3 ] r^ * > F^^ wmm^ y F©— sp-c 

1 KiBi£<D=£g 0 

[IMSI4 ] 4 > R>* ? FKJBJ&Stifc 

grr *m*> e ft -s^sftw-r s mmvtx ft ^ts*^ 

1 &cfB*8©«B. 

[»#S6] R*&&ttffi8#MK: fc !f-T*H-cc 

F»5*ailiL"CR^x/^cAS*"riJ:9tc, ^>F^ 
# ^ tcifijg 0 T ^ 6 £ * ftffifcrr & /ctf>(D{ig*fe > 

1 CclBiS(D^g 0 
[»3jc3l7] (a) Rb-1f-^ft^ 9x^*6R 

(b) R{ig-fe>lW ftlz-lf-TWtiCtor^ 

-rs u- if- t-A^jfiwsn-rtciSE^ -f > F^ftM® 

(c) BEj»j=StftHiS*sHic, R{i^r>1f#>e>{f^ftt£ 

if>^y>y-rs/c*cD, Ru--*f-T*tt£Rfiiffi-fe 

> ^ y > y 3 *i fcteffld-sf £ - * 50 
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So 

8 ] Kir- *«tf»#fi*« 

(a) »u-if- z F*w-^€>if>^y > ^3 n/c t^tum 
c b ) mmtt&tc&<Dm^mm&&m^<Dmft2ti 

tcV > ft ftfrT £ *ff #ft t±i^-r 4 aW&H 7 K 
§BtSCDi£g 0 

tiS^-ffiW, JHWWT**). Mo, R&StttilS 

(a) x-^ft^Ccfcor^n^if^^^^ftit^-r 

&/c&<D3M2£, 

(b) lx-tf-e-A©«S4^x^cr>EJ{fceB5JS©jaJf 
s££ft£H>-c ^-^ft-^coiif -Y^npK:|&43tt£ 

3 ftftiST 4 £ . 

(C) Wfc«jlB3!p6lft*3tiS^»»S©Bfa©*3 
ft, BW*T*fca&<o»*a«:<t0f t --ar«^ccj:i3S 
ftfclf >f *;KJD»£, »ttfifrSfc&©S[*S^6 1 If 

(d) tm&gisffi. »*3ti4^*«t*o»fa©/»3 

3ftS^~*«##JSJ»mNfeD t fio v Rttj£tttU8 

(a) ^-^fi-^tciOSsRShi^lHSMSrSfc* 
cD^iarftor, ( i ) BfSEO* -f ( i 

i) lif -r^;KD»fS©ap»i«>— ^o-en-en^i; 

(b> u-if-t'-A^si^x^cD^t^iia^a^ 
mtzm^r, R»js-r*ft:»©R#a6c<fe^rafJS3 
nsi«pj©iffltci*43ns»so/i3*ft»r4fc8«)0 
#S4, 

(c) ^4cojiSft#t±i-r4/c^(D^srftor, rh 

UJ-rSfca&OR^Stt, [*43n4«*4cDJ¥3ftRS [ J^ 

4, R*m-rsfctf><D*a&, 

(d) H0©|»*W3«:«« , r4fca)©*R'r*-or, 
R«3£-r4fc»©R#S«, «ft»i*6»43h«^ 
*»fa©tt*sto« 3 * & |»*3 tiftJ* 3 ©SaftM C , 

«rffii**3hfc/»3©iWB*att, ( i ) mjzwj ? 

(e) ^0(DCMPB$P^ftfi|5:T4/c2s6CD^®r'fto 
S9iBttS:-r4A:»CDMSB*a», £g0<Di&4j?3ft 
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U CMP©HK:¥fflfb3*i* Ra*-r*fc»©*aK: 

(b) BPttHiT*ft:»<Z>#R3&Jf ? --*m-9©H*!fl«{b 10 
*tftfflL/ci*»CCMP*»ST3'a-4fca)©*Si* 

fix. zmxm 7 ic*m<D%im 0 

i 2 1 »b«wi©T«:^iM*««*(i a ^ 

x.^(Dir*X)\'J*j~ftJ\'#Vi<'># (CMP) <Dtc&> 
(b) CMPWl/c^^St^ ^tioT, 20 

(b 1 ) tf-tr-A*^ 
x^ccfiwrfrr4*^*:/r*or, RU-if-e- 

4<fc5K:K«3*ifc$ -f > F'Jfciiau SS^-f^F* 
«\ ^x^j&sfg^-f > F^cD±tc*-Si*(D«Fra(Z>— SP 

r-yzft* (b2) ^XM^6JS*f-r*31£*«ai-r-S^ 

1 3 ] K*^-r <r * 
> F^^x^KljfiSLT U-1f-tf-AjW»#3 30 

tvrct^ > F i 5*aaut:^xy%{cAi* , rsi**]K 

[«3R3914] (a) ttteWTS*^*:/^ «5x/vfo 

(b) RM-r^^f^'^ tgU-lf-T^fKtcfco 

r«*-rsu-if-tr-A*sjft«3n"rtc»^^ > f$ 

*aaur»^x^tcA«-e*-5J:5tc t ^>F^* 

X, 40 

(c) x-^awfoxr^^ 

R^-^t*©*?-*^* 5 (c 1) ^Mf^-OW 

-ra^f-v^i. (c2) *>^u>y3Jhfcttffl(i# 
*a i 3 <<c*m<Dyi& 0 

(a) 0fS©»Hoia©RFlfflKt>/c-ot:, if>^y>y 

(b) RW;trr tftUifi#©»»-!f>^ , ;u so 
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[»*S 16] f 5 - *fi#3*s«JWW-e* 0 , ig 

(a) ^-zm^fc^^riiatizyj #>i<D&&9mir 

(b) b-lf-^-A<D»fii^x^©K{t«»©«*r 

*<fc*ffli^r, 7 r -#fi#©ii^*;i4Hti&*3*i4 

Wf4<DJl 3 SrffW "T 4 X f* v V t . 
(C) Mft«5»*6l»*S*i*^#»»©BTa©W3 

<d)»l**»3*^ &S3ft4^#l^©Wffl©J*3 

£U;CC &ofc<fc*K:CMP £i&7 StSfcftO^f-^ 
£*«*.-StMSS 1 4 tefBtKO^fc 
[19*51 17] f 5 - ^m#**HJHW-C* 0 , fio. » 

(a) ^-^ft^c^os^stisBsrasaije-r*^^ 

y^-Cio-C, ( i ) »f5EO1f-Y^;K0»X» ( i i ) 

(b) U-tf-fc:'-ACD^Scb^x/^<Z)K>^b^ll©atfr 
n 4 B* HCD Hltc 3 *i a Wf4<D/? 3 £ttJ?T 4Xf>; 

(d) mimm&hm£$ti&^$mm<Dttn(Dmzfr 

(e) 8l0©»*W3*»*<oa«ri»LT, SID©C 
M P B# M * B£S 4 * T y 7' <t 

(f ) ««P©CMPOBfH3&s&< ftofcftCMP*»7 
3t***^*:/£*«*SBI*JBl 4tclE«<Z)*So 
[»*B 1 8 ] ^xy>3&s*!5!IttW— ttBBfflKi** 

u CMPOMfc^ttfbSti, ttW*f*fc*o#acc 
<tora*3n4^-*«#^^x^©«B^*lb3 

(a) T-%m^<Dmmmmt*v~*?z>XTv7 

(b) ^-dfi-^fcjHJBffsafb^sotfetifciarffcc 

CMP^^73-ti4^7 ; - ^^i^m4li*«l 4 tcia 

c»3»b i 9 ] vx»ifi*mit^-iimwmm*m 

CMPOIHIWttYbSti, ^m^-ra/c^cD^iscc 
(a) ^-^ff^^ ^;b*«:^»r, WEoaiSas* 



(4) 

5 

(b) y a ^^^wen^-^ft-^Kjco-r^n* 

(c) U-lf-l^-AOiftfii^x^CDBtffciBJB^JBJf 

tmow 3 * it jrr ^xr^-i, 

(d) m^m^hm^tx^mmommom^ 
ft, ^^^i/^^w^nfc^-^fi^tcio^n/cifY 

(e) ki»*w3*s. i»*sn*^*tm©BTao/»3 

ift«^^IS*JSl 4 tCfBttC0*ffio 
[BMSS 2 0] ^ xy%3&i*»J«^*9— aSBffltiSft ?f 
U CMPOHCC^ffl^ffcSti, 8Sa;fcTSfc»©*KK: 

(a) f-^m^v oimc&VX. Bf5E©Hift»* 

(b) ^ -f ;V^*S3^wenfcf r -^fg-^KJ:-3r3BnS 20 

(c) U-1f-t-A©«fii^x^OM{t»»<Dn»f 

3 *i £ tm© J¥ $ ft itff *r ^f^'t, 

ft s ^ ^^^^H^e^i/c^-^ft-^cccfco^n/cif >r 

(e) »I**J*3j!^ &S3ftS^&tm®9frSM>/*3 30 

1 4 CCf EiSO^ffio 
[»3R3H2 1 ] S«_b©@cD^|-'ttft, luiEJf ©flf^ 

(D^cp^csij^-r 4 ^ > * co^ffir * ^t, 
■c 4 D & T 8MI ft * ~ % -r & * <r * y i , 

(c) urET^w^s^-ttoRaftfmfri^^y 

7*£, ft«^4*ft. 40 

WEjam s ftfcieatt** 1 6^-t4cDmrfERSftft^T 

[B2R3B2 3 ] ^-tt©Hr(fERSft##fii<!:i:b$5-r^ 

£LLI2»* o/ci# SXf^i ft M^cll*. 

S»*B2 2tcBBfS©*ffi. 
[«#«2 4 ] WET *fi^3WfiHiSE»fiS»ftd*. 

mnmm-?z>x-?v 50 
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WEfi««S6te8»©* 1 (D«ftt*afJ3E-r S ^ ^ * , 
v?b* ftfS^^tf*S2 2tClEtgO*i* < , 

BfrEaiu-rs^^^^ 

«rEiBja««RR»©* 2 ©wttftwje-r * * ^ * . 

OTESI 1 OWttRlWE* 2 (DWtt* 6 fy EffifcB 3 tift: 
tiWRftRSTr**^*^*, ft<t*£»#JB2 4K:E*t 

[»#JB 2 6 ] I5ESI 1 ©«Ftt3&SBuEiSJa«*J£fi#<D 

ffi*. &f§3c3S2 5 CCEt8©*ffi. 
& o "C 

(a) P^OS^tCltrtBHO^ilcb'-A^lfilW^Xf- 

(b) iiiriBSffi#>fcJ5*f;*<Tt< SiWiB3£fcr--AteJ:- 3 
( c ) wTiBTPff 6 S" r fcfflWT 4 * f - » 
(d) WBEfflffl3ftfcJ'y**i'*ffi?¥3ftTl>511HR 

2 9 ] «ri2»a-r * * 

-ttco wrlBRK* B?f BfiH? * ti X i> -S MM t mStf 4 ^ 

[»3J8B3 0 ] »«»FJ8^f-Ar*or. 

(a) tem&KmM'** K?:S»t*77-f>i, 

(b) jfflStfKa«*7'-7-f w >±©WS^<i' KK*tO 

(c) MS^iC. WS3n4^*«ffi©ffllJg|5K:iplW6n 
E.oAS^ -T S 3 V ^ - h 3 tltclt 3 ti" C 

(d) SulB z F^I^e»^)-tt©RS ; 5ritff-rSJ: J 5K 



7 

[»#3«3 1 3 fflrSEWB^y «ai*tt:0KT* 
&<£5cc, iHiiERiffi<fcaori»ssB*3a3 occiBtsow 

CB»*3H3 2 3 WE^— KHUiCclHEr* 

[«*3S3 3] fuET^ft^ u-if-^tft?*^ 
I#3}<^3 2 CCK»DW«5xXf A B 

[f»3}c^3 4] mriB-r-^^n-fe^^M^, 
OTE¥*«#*6»««N«*aai-r 4 Cii, 10 
f?EffilttJ 5 titeW«t»«^ 6ifcH4©l9EJ^*ff#T 
&C<b<t, *MaM^5>MSftTl>4!»#JB3 2CCE 

^-ttcDH5IBRS^##fiIi J:b*5T4 Cii, 

[B**B 3 6 ] «rBBT*ft^3Wffija«a»«^*d*, 

mfE^— £ :/n -fe ? 20 

*rci>*i»3#i3 5 kemobhs^x^a. 

[ 3 7 ] WET#fi##i«S^iS#*S# . 
huIBt 5 — *^P-fe 

*rtO><SI*3Kfl3 6 &CEiSc<Dffl^>Xf*A 0 30 

[ s*a&9 3 8 ] m&m i (D»tt3WEBjaisatt*#© 

Sir* 0 , MIBm 2 CD«Ftt*ifrBBfiJS«!»ff #©fi"B 
-C*D, iifrEf^^uHz fuEKjgi£{I#©S 
«<fc WSfijaiSfl#©««<!: ^ C <fc J: 0 

$S3 7 KE«©WIS*>x^A. 
[»3RP13 9 3 MfoZWm-?Z>tcSb<Dgimv&~>r, 

9<nB«a», 

t\ fuE:/^-^>tert^cffiK£W^&, ME?'^- 40 
(b) fttfficfK:a«*^-^>±©WB^y Fte*tl/ 

r^-awi^y Ft. 

^CD^OFflCcSylB^t'-A^MIBMSSCCf^^ffrlBSffi 

(d) wfa*-^&i^Lffl(s<tiH^sna.osffi^ia 

F-5tt, T^^eBiafr&^^-ASSS-i-StSfiLffi so 
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*wr*. me^ > F-^t, 
[tt*ji4 o 3 HtrfB^^-^>±tci8B3n«ws^' 

y FfcMtcfii*., MfB^ * > F^tt. WifEW*'** Frt 
K: JI5JSS 3 *i*JEil!8 t gftfr S ft 4 B*#JB 3 9 KEtfeOS 

So 

[1**394 1 ] ^^ij)l^^^i7)l^Viyy^zy^'T 

F». 
<a)$f^B£, 

(b) Sffii, iiuEWB^ FOBulBfiffiSV 

BuEWSffi© c t J K:« , > -f > F'J^JKJSSSti, SuE^ > 

B*Wr£WSJ'** Fo 

[1*3394 2 3 SS^W^-r^/cifecD^grabor, 

(a) mmwcmm^v F*«f#r*^--^>r*o 

(b) MI*^ClI?:77-f>±(Dli^'7 FCC*fL 

(c) ny^- F3ftfc*t-A*fS£3tfSC£#pJ 

f^<D— SBciatcHjia* A*ftfaaf8Kidjw*iES« 
[»?8©»fflattW3 

[0 00 1 3 

^ >(3^ £-5 #~#rt>#y^> Mechanical me 

chanical polishing : C M P )&£XC M P Xi£cD 
-f > * a ^ (i n-si tu)»*1ftttl CC0B "T 4 . 
[0 00 2 3 

[8£*©»W 3 3*«©^*««SlslK (I O S?@cD^* 

»9f«a«:*j^r, s*a«. ^^cD^^gp^, sm, 

»i^*feDSC<b«:a4. UBS. 3m<D$ahi*. 2 5x 
2 5 mm(0#>f ©±&C 1 0 0 0 h a-A*?ScD 

*-M--c*i*3^»* U^c Etc. igftjffiffiXf-* 
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*5iir8l)B*M*ailRK:jgCclB«3W4G*C<!:iteS. 

3 >(planarization)) -^U^y > ^(leveling)^^ 5 

[0 00 3] *^^x^©3pjg{Ktt«3fflBicr)|»* 10 

9 (CMP) HHWK«, 

#'JV>^ (CMP) ^n-fex«, E#**fJ®Lfct«» 

teEHES**. Blfc7S3*iS<fc5Cc, »SWftCMP 
1 Ott, WB^-t^ 1 B«:*fL"C»>x^ l 4£ 
fitt*-rafc«tKDWS^ry F 1 2*W0Tt,*£ o BFB^"^ 

-r>i6^ ^ f i 8cc<fc^rstonrc»s. c<z> 

^ Fl 8 6i»MWCc«»5BtlB2 0*WL, Cfttt, 
r>x^i 4*W®T Sfctf>K:^r 5*;u#y ->>^x^ y 20 
<b*&cJj^fcftS#^HB2 2 r>i(DKO-r 

(W2.«RQdel iciooo) 
ft^^y^U^>V-h (WJxtfRodel EX2000) 

KOH (pjcWft^y^A) it F^y^te-T-Cfum 30 

ed-silica parti cl es) £ £r^W 0"Cl>4. — 

ii^«e#©*^tt2 4<DlsI5CC|gI(gLri=*S. K 
CC, F^a#©^C*2 6©I10CClllE 

^6S^-C?}f»T^ 0 0 1 KttWe^ * F** 1 
[0 00 4] *SSP»36s»fa©¥BttX«*B»«S*t? 

¥ffl{t£ftfc^£^£^T£c£&c, cmp7'd^ 40 
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/Co fi£oT, S£3RjSJB&C*5lsT», CMP^D-ir^O* 
[0 00 5] 

[»9J#»&0<fc5£"r4BH] CMP^u-fe*©** 

«L<ftofc<t*k:, cMP7'D-fexw7«o cn 

[0 00 6] 

■So 

[0 0 0 7 ] jWjqWtcfct* ffB^? F3&i±tcol^leH6 
fi^f*fc8t>OIsWte^I«ttW«^5' Fi, ifcjfi*ittl8£ 

4flHi»s^5*^*^*^#yv>y (cmp) cd^ 

^■7U(cJ:^T»5* * F&tKJS£&r>T:to9^x^£ 

x.^cfavx&r&m&^mx'R'oKmLx: < ^^^^ 

< £ fc^x^as^-f > F^O±*{C*4PJItt, ^x^CC 
[0 0 0 8 ] C<0^7 > F ^tt, »oAi©Ji5JI8*s"5I«B"C 



u 

^T-m*r^-So CCD-i? ^ > F^<D*/dfc«, ^>-y-- 
frc, >i^— h©±M<t^ x^£ Offfltc y^Jg^E 

stitch. h^^nt&ft^tf-rcc, 
y ^*ai3fes/cw/h3 <-r &si> 

#>ti/cf£oW^ * fo— SP»cDjgS8r* o r & 

#y ^U#>#^-Jltt*J>tc< ife— SU^s^u-if-* 

4, ^4>F^tt. FO^^^-JltcJKSES 

[0 0 0 9 ] #mm<D 1 ^(DlWttt, ^^--r>^r 
JM*#K?B. &-)l<£V-< >F^£ttHat0-C*£o C 

[0 0 10] CMP8WJ, F£#^x/» 

-if ^-f > F^*aaL^x^tcA*f-r 

L^*#«*Ctt, ^s 

So ffiot, U-lf-tf-AjtfWSttl/fc:^ * > F^* 
[0 0 1 1 ] HK, U-lf-TgWH*, £x^*>6Jgftf 

x^ tcis& u r c > * i * ««cc ji5»ifi#* m^-r &tc&> 

ffii&So fit, c^-^flWSSKBW:* 1f>^U> 
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■y-'-^tt^ e>9fS©Btracc to/t o r *y-> 7* y > n 
fc«afi#*s#u c©«a«#**>^y>^LT: 

:/y>yBmw»&n&i>«tett, jjijoK^w^-^* 

>:/y>y#ffi*«ffiUTfc<fcl>. JlttttKltt, 

«#*tf->^y>y-r**iS**tfo, tftum-si©*-* 

io > y 9 )i*-y > y > {/mm tefofc o r u T&if > 

a©3RS^>^y>y^m*w«L (c©*«*>^y 
> y «fih *s v ^ mm-z&D&y > ec *f -r 4 * > ^ y > 
y«Fm©tt«rc*a»^> , c©*a^>^y>^ia 

*g?a©*/Mf>^y>^B#H<tJ:b«l/, fit, jRfll 

if> ^ y > ^mm^wxmcom^v- > ^* y > ^w«±-c 
-^Kf#sgaB*jffl"T4. eeoT, fraoa^jti, co 

[0012] f*-*tt»*aKJ:4^~*fi^©ttrt 
CMP ^OHrX(D**tcK{b#JH^W< ftitcon 

So ^^>^^{t^?(blank oxide)^x/^0^ 

^;u©pacci^ssnsw»©/is*itfi£l/. Mfb 
*»S#|fft*3*i4'<* «*40§f SOil S «±^C o fc 

t^ 0 co#JiiB, -y--Y^;i^ftcc*fur-cB^<-y*^^ 
[0013] ^^>^K^b^ ^ >x>'^ocMP^o : s^4 

;lO^OSR»^^S/c^OST4BfP^^aiJ^L, c 
50 ©»S**DT»9©I»*»S*«B£U CO^OOI^ 
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fit, C<D380©CMPlWH3WJiaufcaCMP^n 
[0 0 14] E^, C©giD©CMPB#|ffl«, 

b, ^o»s*JiS-r-5X'7-y^tc*ji,ir*-rtBS8<z) 

6 /ttf> C M P y'v -fe * b 3 n 4 ^ # 
-c&&*&B, -r-^fi-^B, ^^(omm^^-x 

C<tCCJ:*me>ftS. »*0<B. C©tfetHK3RB. C 
0^b©*flJ©«« 1 ^;i/«rtcD-r-^ff-^cDMI^ 20 

Kj«c^{b*tftU-ra*3&snjffir**. 

J9iSa»*/;y hfSCitciO, c<D*(lffll*»Se:£B 
W^tititf, ^^>^Bt{L«5CDCMP^^^T4/c 30 

rB, *»Wtt, «rEao»*w»uri*s**cc»«± 

(DJimt. &rF<DAT yy'%mZ-X^*> : STB4HCU- 

eosftf-snsciccio^rs^fi-^**^*-*" 40 

S*7^:7£ ; C CO^ff^ 6 tt<DRS (measure 
[00 18]ff*U**#Wrtt, C©tt*T4^ff 

•its. Sfc, C<D#i£B, ^-14<2RK£##fiI£tb 
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Silt ; Jfn<D»te*>6, fflfflt8**B«TSXg<fc 

2 *«3rr sxgt , m&om 1 ©»tta»» 2 

EKftttWKB, Iff 1 (D«FttRCX»2 <D«ftttt*tlf 
[0019] WttWCCB, JJ0©»«4 OX. *»WB, 

:/£ ; T#ff^^>^*^* (signature 

BffSCD^^V> h*««-rs»fftt«<!:j:k«-r*^^ 

[0 0 2 0 ] Iff 2 (A^ftWcB, «T<D«r«S&»#* 
I(cWLtc^ e jsk:, fflmo^ir^B, Etc, 

«#3&>&w«affi**3er4x«4 ; ^mtn^h^- 

tt<DRK*«5ersxSi*fllA'ri^. tbl^T^xf- 

H*fc-r4xa*«o-c<r>5. 

[0 02 1] ffiattfttc. *fcg0<O««iLr. 
B, tlT^«^liW@^fAt$>^ : «ta*Bffi 

<t ; ^ffl4!BWSSti4^*S«©ffl!jaJCC[niW6tir* 

/c3fe t* — A (col 1 imated light beam )S:&£T4***pJ 
[0 0 2 2 ] #SL^*f*WTB. Ki^- 
Etc, ^-ir^n^^iffc, T#fi^ei$iS[W$K(fea 

ture information )%JflfflT4<t^6C ; */c, ffltti^n 

[0 0 2 3 ] E^S'Jo^iSti Ut, 
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-Ate, WB©«ff<D^&< ife— SBOBItCCOiijS* 

W\ W^ffii ; J£ffi<fc*WLTl>4o W^A* Fcojgffi 

W0ru& o CCD^M^F^fc*. ^It^^O^^L 

[0 02 5] C CtCg(ilHUfcjpJ*&Cjn^r, #5601©* 

ffl&Sttl8^6IH63!p«:36:4T*5 5. 20 
[0 02 6] 

-f*>l 6K»*-Jl/ Cnl) 3 O^ESESft, CCD*- 
Mtzfv-f-Zsrty F 1 8©±&C#>& 0 Wm^v F 1 2 

i>ai5Rn©— sb©bb* wb^? f i 2cc<fcorfiat sn 

S^x/M 4^P>mit*<fc5CC v C©*-;l/3 0<D{±L& 
tfiJ*7LP>tl& a U-1f-T*ft3 2«. ^7-f>16 
OTKftot, * — ;U3 0#£x^l 4&CfflSL>fcB$K: 30 

-A34^77-f> 1 6©*-;V3 0£iIi&LT*© 
±tC*i»5x/M 4toaffiCcAW-rSJ:9Jtcffi[*tC, Q 

[0 02 7 ] y^-r>*-^3 OS^i^ 1 4©f$ 
ffl&H (^x^tf:/^-?^*-^ 0©±CC*4*§£- 
©) B3 (a)^(c) teTnSft*. 13 (a) tc 

U~1f-tf-A3 4©fc»©^*>F££L , t:«fl& 40 

F3 8*WLrch*Jg^-r4fc 

»Km>6ft4 0 ^^-f-> 1 6 i-Y >1t- h 3 8©Bfl 
- F 3 8©ra©ffi9M*iloWJ;5£?'44r = 

J^KSftTOSo F 3 8 6i, 7'^- 

t"> 1 6©±H©±$C^ffiU ^WCC^-t^A* 
F 1 8©*teA9&tf. C(7M>1t- F3 8(D^tagR 
», F 3 8©±ffi£'?x^ 1 4©Slffi<!:©lffl© 

c© so 
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+> y^**/h{cr*citc<fco. c©+> ^^ccs^. 

e>Jh4X^ U4 0©fi#*/Nc&4. C©C±ttWSI& 
**tfcSL3-&S«l"I* 4 *0, U-1f- z F*«-3 2/p€>« 

■sen* u-if-fcf-Acr>s^*ii*r L/* 

F 3 8 i^x^l 4OMO^7y4 0Ol 

3*s?f U-1f-fc*-A3 4 <L^X/^Cjg#*£ 
1nZ>yt<DmiW'pt£< &4. ft 1 mmfiD^t y?~C$>ti 

^enS 0 C©*> * ^B/hSl^ii'ST* t 

I*. C©*> ^ ^tit?*S/cW/h3C^3^J:C**s. CM 
P^P-feX4 3 ^C^"C4>^>1f- F 3 8**£x^ 1 4&C 

jlf$#jr&*, ^ >f - h 3 8 4 »)x^ 1 4 ^ 
^tt, 10mils(250um) Siffi&JlS* 

[0 02 8113 (b) ^^-t->1 6i^'^ Fl 
8©Jj(©:ft#«r*4., CCDflfWC^ 
If- Higfl&Sti, A* F 1 8KttHffl^tt?ft£U!Ec 
l>. *©tt*>9$C, 6O*^3 0O±O 

««"Ctt, A„ Fl 8©S569Jf 2 0 (Sffi'Tntf) ^ 
I^S^n/Co c©C<t&cJ:<K ^^14i77-f> 

1 6<DB£$±<DfBtta* % F 1 8©#'J ^U^^A 
-12 2/c^«otl^ e #AH12 2iCffll>t>tl4 
*'y ^U£>#?4^ U-1f-T*tt3 2^6©U-tf 

Tl>& 0 7*^-*r>3 0©±tC#>4*7AHf 2 

2 CO— g|J#5 v U — !f-t-A3 AOltc&XDV A > F^<b 

4 0 mi cc, Ay f 1 sastt-j^F-jiut^e 

*^y4 0tttt^£*??ttL&l>. CCDSfJ©^{*WcDfe 
5— ocOWjStt, F©?BttCCRH^L/«c< 65Ci-C 

03 (a) ©SMctttHjL/c^Mrid:, 
^ ^ >if- F <b *}x^ 1 4 iCDIffl©^^ y'tm^Ztc 

w/hs< snr^fc. u^u^"^ fi SK^n-rsfc 
c^>7 7i^/c/j^<^^ *atctt, *«k 

-f>^h38A^x^M4^S«Lt}l 
W*^*.4 0 S3 (b) CDgiJCO^ftWrW, Fl 8 
Vi^^YVtLXm^hti-C^Ztclsb* Sfc, ^x 
^ 1 4{cgtt"TSJ:^CCH5E3n , Ct^/c», a-, F 1 
8 (Dffimc J: S *9 Jtt55S* Wtt o * - ^ > -fe;l/0 * 
^©vA-y FSV^V-^*W , rS*ffiCD*-f ^©A^ F 

[00 2 9 ] Fo^^'-g^cffli^ne^y 
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a 0 c©wii*«, 03 (c) tcffi^ttTi>4#isg!© 

tt % V'Jy F& (*^rBftlO #>J'5l/^>^^4 
2&C©£&£6n£o C©^y4 2B, U— !f-fcf- 

:/5^4 2*iISC£te<£4U~1f-e 10 
-A<DfSfbfct*/Nc&S 8 » * 0 < ^ ^4 2«a' 

[0 0 3 0]ttfWtt. #»W«:SeofcCMP«IB l 

4. JgK, ^~-^>tf- F 3 8£^>f > F^ilt 

mm. c c icffi&titcwmz 1 o<oiiFflB*Esrc* 0 , 

3 2©JS!lC0^»«l«:ffll>4c:ifeoIffir*4o 

[0 0 3 1 ] H4tcffR*3*i£<fc5K:, u— y-Stfrn 
6 D tr-A3 4<D— 8P3&^ t-A^7'»J^4 6SO^ 

f 3 8%ji -or mn lx <,><. t-A3 

•J4 0*Iotfil^ ■Jl^ 1 4C0^ffi^CA*f-r4 e 
B5fc»*ffl&c^3ftT^S<fc5K: % "5iAUtt, S^y 
a>£*<D±©BMb*B0B5 2 (0J2.fr* S i 0 2 ) ££W 40 

[0 0 3 2 ] "Jx^M 4tCAS**rStf-ACD— SBtt, 8t 
<t^M5 2C!>«ffir»»W«:jS«3h. H 1 dSWt:- 
A5 4«t^c brt>U SRBKffcftH5 2* 

lair, *©toss5 otcAW-rseaibr-As 6 
*Mt^ B s«5occ»jarseastr-A5 6*a6ii> 
fc< tb-»b*^»{b«JB5 2'\R#oiis*K iff 2 

CDBa*^-A5 8*JftSW4. mi©S«t'-A5 4i 
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\mmh 2©« s«:*KwaKiar*s»^tt. ss^t* 

-A6 0*JBflc-TS. 

*=ftr3#K:tt. ffi©S«*f&©BMb»Ji*/BC>r*>, 
SS^B. A*W*^-A«:»Lr, BWb««B#— S 

mat i,-%mm l , < 1 4>-spjst*-r ^ci 

[0 0 3 4] B0fH4*#|(8'rnJiffl»3*i*J: ^CC, 
1 1 t - A 5 4 Si^I 2 OSW t'- A 5 8 (H 

5) ©*S^r*S*S^tr--A6 Ofr** ^^y40i>f> 
■9-- F 3 8*jIoTe«LiIU t-A^7 , y^4 6 

oiBB^tca-rs. hr-A^^y ^^46«, is^tr- 

A6 0O— <ftHJS4 8CD^rn]**SE^.S. 
[0 0 3 5 ] y'5-T-> 1 6«ftSWCC«, CMP7*a 

-jb3o«. sjw*— jg-rsratc^x^ 1 4*inifc*w 

^*Ci«C64. lot, ")x;M 4CCU-1f-lf- 
A3 4^AWT*Wf/cW, U-tf-T^ff 3 2^6©^ 
ffift-^*-9->^y>^T4Ci^pIffi'C*4o U-if- 

ffi«H2>-y"«a^»s^3*i4o saw 
*tt3 2*rajH-refc*<3DSga^3ti, cticc«, 7£ 

iE»fS*^^0-fe>tf6 2 (mtf. LED/7* h# 
TC^ e CO^^^CD-fe^-y-6 2tt, f£L/c7tt:'-A^ 

4<oaxoftw{aaRy e fis«. u -if -^1+3 2*6 

2©iBS^<DS*tflH«:»«3ti"c:iirfe cfcii. 

77^6 4tt, 7*^-7 : *> 1 6 CC*5t»TiSS*|nItC'5 ^ 
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e»nS^7-7^6 4©iEttafi3« fc 77^64^> 

■y-6 2tc<fcorfflftasti-cis-5^ii$ia. u-if-t'-A 

5te, Jffl^<S8ES*i4^#-C*4o C©jffi*>&{Bffite 

CC4z>1f<i^«:fl3^4Ci3&ipJffift, 7^- -r 
^**3B«*4o Witt T*tt^6©ft^*BffS©B# 

>© i isigcDiffl tc £<D < h C^S 5 * t & C t W nlffi^ 
4, a > K^CDiaSSO^*^-'r>cDlpII5X 

iUt &m^~tt- s J Z<Dlb<Dtc&>l,c, 

[0 0 3 6 ] COraHGCfct-fS 1 o<DJB»»«, ^-7- 

itfe^ 0 ^>F^flfi&#6 6' (IP 

>(>1f-K F\ Xtt^dO 07CC^3 
ft&cfcMC P35BH*cDSi-«*WL"Cl»rfcJ:l^ Mil. 
77^64' fi<ttofc^ >F^«JSt*6 8* 
a^"T*J:5tcffi^:3n*o ^M>F^£[5] 40 

[0 0 3 7 ] 7 7-f>^^SOT-/>F^^6< <h 
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©««tc*5C^r, ^ffl{b©iiffi^«d>sn4. hoc, 7* 

^-r >F^^^xyNCDx^^4Mifcig^«, 7 s - £-0- 

WS^^ F<D*6*4¥tf»tt<Da«6ic»IIE3ti 
[0 03 8 ] t£oT, awa^-fKwa^inis* 

-rntt ^i o 2 ©rate, r^—?->©*iiiU5 

7 , io4S^i0 6tcfciit, if >:/y >^sn/c{i^ 

c«ctf> y y > ^iffl©*Bb&sH»3 BrS©*/^ 

>^ r u>yB#ra<fci:k«sna. msi. i^>^u^i^/c 
w«t6tiifc©r*n«, cnii/c/cio£Df>7'y>y 

> y* y > ^iHa±tettn«. v y 1 1 2 ic 

v>^mrst<Dtm<Dy'u^^mm^rt^ 0 

^^1 urn sisi«#3tircifca»fi3&sRiiisn 

i6ffillKX«V7 h^xTT;U^U XA4ffl^€>^< © 
F^cDiSS^^^-T^XDlpIfECD^t"- Ftc|i8«&< , 

raH»f2©«^> ^ u > ^mkm^s tt*ra«©» 

f 4 v - f- > Bfaomtc vf 4 ^ i tx « ct c 

[0 03 9] mTtfi<£>lil 1 ©S«e-A&DP*2©5Wt 

9 1 ©S*f AS^ 2 OSW tr- A^tB5te(4tg^ 
^oti^i^ cti6««lfflS4 8tc*ji»r**:ffl 
cti6cDt*-A©{4ts^i 8 o' -rn-ct^sw 



(12) 

21 

*fcfc* M{t«JH5 2CD/P3^CMP7'nH2>C©**CC« 

^w^^nr, c©«3*cftirjgjHKKt^{b-r 

-So UBS, 09 (a) ROT (b) tc^S tirt» 

aK^fb-rSftii^Ci^WIIStlft:. H9 (a)© 

^7», b$bb (x-#) cc#T*£if>^>^H*iffl io 

cctofc*t*ffi«^©fi« (y-W) <Dfi#£^L,ri> 

C©^-^K, VU:a>S«©±&c^flE3ftTl>4 
lMb«!» (IP%. :/7>*BMb«j*5x^) **tr4$x 
^CCMP<D^Jg£^JSl&#^ B4©SKB©U— *f 

*S. 09 (b) 0^7 7IJ, 09 (a) (Dif^yfrb 

jiizzfrv tcmm » , T^tto cc *? w * jaw 

SWS, COjaJH«r«3e-r* 0 0 9 (a) (b) 

(a) CC0J^3ft£;frffi*JB^*itf* CMP^P^O 

#«C, ^f^2 0 4«, Hfcfcfl-St© ltf-f^U 
r, ^7'2 0 6CC*$l^r, BMM»JKp6I»S3*iS 

3n& 0 mmmaztitcmzte. 7 £ -zmmcmti2> 40 

tf-Y *;KD»£, llf ^;U*m*3ft£«f4©/?3 

[0 04 0] &*3nS»f4<D»*&^r* 

3tiS»**/NcrSCi3&s-C*5o S10 (a)<DX 
7^7*2 0 2(DfS?fiS^©gP^tC^3nri^cfc^&C, 
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ccMRsns. «Atf, ^Affi (bp%. tr-*> 
ffi (bp%. ^n-en4D^ci, 

*4. ^iC, ^f?^2 0 4-Ctt. 1 tf^;U<DIHKCt* 

fcllf-Y ^Jl/GWS3* 1. 5 (Sir, 1f^;l/©i9r5t© 
SR#©ltB &c|&5& 3 tifclMbftJKD* 3 *» 6 c t ifiv # 

^^;i/o»^*cfcf*&c»T -racier* *o fifo 
r, i**3n4WiH-©9^a*JftaB»«, 

[0 04 1 ] cccca^rsfc^ffi*, if^;u©**fo 

WDtmnfii&& 3 ti * t^m 3 n/c <h * &c^jra£±g> 
010 (b) tcfli^sn*. ^ccc 

7S3tirti4«fc^(C. SlO^r^ , 30 2^ ^Iffig 

Kl, Xf^7*3 0 4m If ^;K30*©SB^(D|ffltC|» 
*3ti4»*4©fi3&s. fflfao*ffiCCcfcorgiS3tiS 0 
tit, X^*^^'3 0 66c?n3nSJ:5K, iS^n/c 

W3n^o CW, ^^^^<DSfraiOgp^^fci>r«?4 
^i»*3n4<b*oas*i««;-r*. »^f^'3o 
8 m 0 4r^tti3n/cWf4o^*ii3^ 

Sft*"J-^*/53*&«D, ^^cD^*i?3^^S-r^ 0 

tor, xf7 7*3iom c<Dm*)<Dm£mz*m 

[0 04 2] 12»U ^ffl^ff#CDil«9, at^BP%l»* 

n#ra«, ft^W^cts, cMP^P-fe^oiifftcohrs 
{b-i"4ye5 5citcaar^#r*4. seor, ±je© 

»0©B#pj3&ij9a3n/cgitt. *^ffli*/hffl©a 
^x«-ecDfficDtntntc>rtLr, co^p-fex^i 
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^JKDBKJ (EP^ 1. 5-9-^^^)©^ 

CMP^CH2X©I^IH*^S"J"4. C©*ffir», tftffl 10 
^>htCMP^a-feX*i«7tS. HSLWKfct. |& 

[0 04 3 ] CCtea$^T*/c*x#©^JBii, 

xaa* wr * ^ > *BMb« v x^ oc» l r&»fc« 

iii (a)-(c) tc», gtft^if 
s#7 8, so, 8 2 tmakLxm^sini. cn^ 

ft, CMP^P-fe^^CC^tL/TlrK, jfifP7 2tttb« 

ffi-c*?K »fP7 6ttj:t«aw:*ajfifiFr*5. si 1 
(a) (c» v mmmom^i 2, 74, 7 6^l, a 

11 (b) »WB^n42X(Di|3K^©jB^7 2, 74, 40 
76*Sl, HI 1 (c) «Wfi:7n^*Wl&7K:tfJtt 
/cJSff 7 2 , 7 4, 7 6 «r7jrj\ Ml I ( a ) rtt, >h 
3tV£<Di£fE7 2«, tt»«6>C^©iSf / P7 4Sy f ^:*l^ 
<Wtff7 8J:«3«>#C»a« , r«*r*te*5 5 8 IK, * 
^e>l*Diftff7 B«\ **fc»f^7 8<fcg*>Pl>OS'C 
SotlK/c5^ jgfF7 2, 74, 7 6**«oTl>< 

Atf, /jN3C»*OJSf¥7 2t«H7JCCttWli«5W«S*^ 

hit%*> 0 ee-^T, aii (b) @^7 2, 7 50 
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4, 7 6©1SS#SW— CCftO*6«&n»te©*s. HI 1 
(c)CCtt, jfifP7 2, 7 4, 7 6(Dl*3ttSIHfl«|tC^ 

[0 0 4 4] L^L, ±£EcDcf:5CC, ®f¥7 2, 7 4, 
7 6 ©WSilStt, ^ififbO^ > h Kitt« < 
4o fi£^~C, j£fE7 2, 7 4, 7 6 JC «fc-?T#S£-f 

tfcD^b/^msftfttf* ^^^^4 0 4^3*i4<t 

5(C. CMP<D^JIBW»T-3"4 0 
[0 045 1I13B, CMP©*JB*ifTtoftTl>££ 

7 *ffJST 4/c»tCffl i> 6 ft/cif > 7*U > ^ 3 n/c^- 

3ft/c 0 fflot, cftfct, cctc^ftsnfcf-^ffl 

(squared-off peak value )^?nri^Ci^PJ 

-Y^;U£, ft2 5 0#(D£C3rJHftTl»St£#7*3 
CCft ^£-x>^£ft/£^x^^&c¥ffi 

ecorti46ir-c*4o CMPo^ffi^iRT-f 

x ^ ^ cd^m^cc * ^> v a x<om u z> mt* mm? &ct 

K, c© l if -<^;KDS»JKK: ¥*{b#iii±e>ftfc 

c<b£5tffi-r& ( > 2*^^^ao¥a<b©gS[». itf 

V^;b«i||HfigK:EIDr*ofcCi*ssai3ftfc e S£ 
or, CMP<D^)HB*3BtiK3i*4Ci6i, ^x^^ffi^ 

-x>ySftfc>?x^*S5pJi{b3ftftKCMP^cH2^ 



(14) 

25 

SB L r i > s to w ri* & u . fl-st 8 OS** r * o fca 
^ tf>f ^^©*<D— BB/ctf^TL/caccigo U-^ 

SfiRtcKW-rift:^^ Ci^6, CMP7'P««7 10 

[0 04 6] u— if-^w-^eoffl^fi^c^iaw 
fbu BP^^x^^B^jpigfbsnro^^^^^^ 

^S^IffB, 0 9 7, 4 3 0#&C|B7S3ft* ^CD 

^ T*w-«#©iEK«fl«<!:©a«tt*aa-rfc»K: 

fbcD^&CDg^jB, XA~XEo^ifi&^S£fE&C<t 

©AiJSXttHDattif-rxsrw-rsaiacospoiccgiw 

[0 04 7] BuMiCD$P<, ^_tCD^*£-~>^3n/c 

^x©att**BJtfp«**i-eti. aaojaiesR^ffi 

«*Wr*S«T*«#*iD3*4. 1f-YX<Z>«tt4 40 

iRstt^strcctt, if-r xoa^ccsfts^ffijgftccct-oT 

L/jfrU CCDfl^MST^CiCCcfc^ WSKrIMX 

Krw« s ns c t ec & ££r ©jBf^oT**-^^^ 
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[0 048 ]®, *a"rSJBffiCCj:orSfeDS z F*« 

&*JiK:*H£ L fcfltiift: W * $ - ^ > y s n/c # ^ * 
C<DJB«»t*«f#K:»jer*4i#A6n-5. CCD 

tc J: o r * o 4 ^*«#©Jffl«tt*«3E-r 4 . 

[0 04 9 ] ^XM©CMP*aa<DS*tC, -f>^^^ 

^r, ^^±©it£©«jgx«EiD«aif-<x*w , r& 

4fcaWCii&gtt«^<DX?- ^ X*, a 1 4 *#flSL/00 

S«^<D/S#/tW*««3t*:S. CO^f^tt, JSftl 
tc, ^f-^5 04W tfeffigm#rctei>r soffit 
5&&*tt3*iS (±1f -Y^JUXtt*©— SP^Oi^e^ffl 

c^rfeito . if^^^©c©»» (8Pfe i. 5 

^t^o ^7^512^ CCD^OCD 

^*il^^rSuaiCDl^*iiSr'l^b, CMP7*a^X« 

T*r^cD< 6i>^-r^^^^r^-r6o ccd^^cd 

^fiIS^^fflCD^CDP^CDB$p H 1^S'JS3n, CCDS^C 
3*6«-r4HuCC*«-rS. l^*34i^-<#^^CDil3 

*»ffcK:w#3nyfci*^arei»or»fL/C^o©CM 

OjM3ti4 0 X-^y^S 1 4tC^3* r irc>Si:56C, C 



(15) 

27 

CMW> htCMP7'p-feX^7t5 B 

[0050] i&omm&mm-r &fcisb<Dj?m*m i o 

[0051] u-if-T^ff-frcjior^afe-rsu-if- 

ft<fc ^ {caw^r set pjffir * ^>ci tciEtcaSfi"^ 
*T**4. HI 5<Z> (a) Rtf (b) K:5*3*rCC>&<fc 10 

/h3tt««€:^^^--r4o COi£l>t*-A8 4&S, JaI> 
e-AKJt^r, ftffi©^— 9 ok:j:4KSL (HP^br 

-A88) ^D^t<, ft-t?ft6, CCDj£l>tr-A8 

^-9 ojzo fc*#tt^*tg***j&>6-cas. 

oT, l£^tf-Att«^S*^SC££ft*K 

^ 1 4<D^ffi*»»TSi*tCW, SSff$Hf-^t@*£ 20 

[0 052] Sfc; ^>F^(D##£«jf<D*fctf^ 
a j&*5E±K:$i ft * B*IBJ fct * - A#j£ 1 >m<Djyifi e - 
A#*l>B5Ki:b^T^ftl>fc&, tf-A;M£l><b:^- 

*ffi»©;£ffi*ja<,>*a« t coc £&fc*c#ftFflHCtttft 

6&l^c5 5 0 MCC, tr-A#jZ;t,>£, fc'-A^^ 30 

[0 0 5 3 ] !f-t-ACDjRS(craLr«. jifS^ 
©a^*tftl-recitc5c0, fttffte>, Cc^UtSL^U- 

if-t-A(Dja^©4*Kj;bw-rs^6 , r** D 
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»H»3nri**3hte»{b«iflio*s*J*S3n*. «r 
awDiaec s *i a w»©asw h«/Jncc ft ft«, 

[0 05 4] ^*U-1f-fcr-A*jltR-rSCitCj: 

ff KBfoS 3 *i4 ^# W»©fi*#JISP^F^c-r 4 C <t ft 
[0 05 5] Mft^af»^l 

^u/c^F^ff^cto, we^n-fex&cK-r&asft 

i^pj#gr^4 e Cft6£>W^£, «TCC|^0JT4 O 
[0 05 6] ^H£<P«8g 

Kite. CMP^nHz^tcteiiTtffotiSWSiav/XW 

L/ft*>ofc«^«, f r ^V^cDJR^ffi<S 1 ^r#ft< 
ft£/ctf>, •>x^tt««-c#ft< ftS/£5 5. HBRCC 

asaaa^bur^^y ^{cffioci^sAsna. 

?»^ja«»©»!i©iEaift«#*>»aE'rsK5 5. com 

[0057] K^fflattoft-^^tiiaSB. «r® 

^x^affi^o«^ftiiBFT^if>^»;>^ (Xtift 
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iiwwccigoigiiiiswrscitcjEci/c^^. Mtn 
[0058] jaisas©iStr>fi#of-^i f-^offfl© 

[0 05 9 ] i^-ttORS^ff D fflt CM P f A 20 

ccjja^r, chit TW^omife&ffl®? &fc&><D* a 

#><Dt4 h 1 6 0*«*.TO4 o n>b* 

* i 5 o fflwmmj&vm m&mmitf s c t 

[0 0 6 0] J^l— ttORffi*»^3^4fca&tC, ^>t* 

^ >^pji^^> ^ iPfe. wja 

fay 4 tot* 1 5 2t{SM$iy 4 )1>$1 5 4£J^ftT& ( , 

-f 1 5 2 ^H4<D««£*A/CI,>£IS 40 

J|{ <Dffl#<D 5 U ; U ^ (mi 11 i he r tz) © * — y 
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[0 06 1 1 019 (a) Kite, 

I 5 4ttffiHS/£#*j»WU fl&®/£#**7 v V It, 

II 9 (b) tc^stirc»sje«ou*«#*^D3-a' 
€> 0 igaic isfjgjfta^ ^^152 

!ru ffi©^**^ Mr, hi 9 (c) tcssnt 

[006 2] a>fcf*-^150tt, 7^^1525 

s*iB'j^-r s 2 o<Djgigaa£«i& 1 5 e&v 1 5 8 

£ ffiMI&ff ^© h' - * £ t* - * ©H©S»I£ <Ott 
<I|Jfc, A hf /A lf ) £ftlTr& (««^^16 2 

4#ab) o ccDtk^fi-estifcaw, ^>t'^-^i 5 

#JHffil 6 4<hJt«l/ * 1 6 6#M) It 

[0 06 3] MJH%fi#», W*3W**eKtft>JhT3&> 

riBS nfci^-tt**- f r * 4 J: 5 colt 
0 ^ -a xcopa g «> 9 ttfitfii* ta^r# a C i 

[0 0 6 4] CCtca^ft:«ffi«. n>t*^-^JirS 

[0 0 6 5 ]^'> Y'^y 4>V^\%. (r»to«>a^^#^ 
*f*flWt?tiv C*l5>tiF I R (finite impulse renspon 
«i*Ctime domain)OC^-rtl^HC^LTlUSoJ^r$) 
ZJ^-Cy 4 V >y(filterinq)%|gJS-r4/c»«: 
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■ca*jitfCitco:o, B$ia««K;foi>Tm>ft*. & 

-MiiSOVO KB) a> FA*? -f ;I/^©«fPJ«J|8 

[oo6 6]a«jtt7^;biroa3tt*«Ber*fc», v 

a $ j: o r jlJR s ft 4 ^< # ft ^(DmWSL^ & c t 

tBT**. we»ffi«, fija«m-^©e-^ 

l>Tft<D^-;Uc-t±J:, WSiifi^^> F^<^7 

fo-tfT C C 0 , «fIH««7 ^ 20 

% {csaer * c 4 a^reer £ & s . 

ita>e>IStf 6ft4 F b-^^6iaSf#*c<fc3&spi«6r* 
£ D SSl-Tfttf. *^U-£B#K^^{f^©t:-^ 

^'^ *^x) CcJ;*), b'-r^fw x^u-r 

K*^3ft4iRJi5<D2o<D3j<-r > h*v-mci*i 30 

* ^ ^tt»[*«*"r S <fc 5 ten > tr* - * cc:/n ^ ^ 
>y*-r5C4#Wf®r*£. fir, 7 -r ;i^ft£fc& 

©Ig* CC 7 ^ ;b £ y > y CDgftf^ 4tf 5 #> fc/IH > £ ft: 
«>, a-*;i/y-=eytcjg??3ftS. 
[0 0 6 8 ] ^a-fex->y.»^» 

<3D«Ftt) ^L/tl^o C(Dtc£>, Cft«\ S£§<D:t^ 
fcttfW*^*.*. a*L<»ftSftTli4C4*«*>^o 

ri^'>xxAtcMur^^^^-r^f#e>ft/c^^, 

3ftTl>£jO>£5rt>#&S3ft£. WAS, »B^? F 
#ffiD§*.6ft/c?K Sri/I*'** 'J^CMP^ 



^¥9 -7 9 8 5 

32 

[0 06 9] C CfCKWSft«*#«-CB, T»St*Jg 

^6amsftfc«««. w«aurc*«j. £m±©rbe 

K36£T 4 f^lt 6 if S ^Cf# 4 C 4 #iT * 

£ Q ^Xf-A^IEm&fl^ftT^ftB, #^CDP^iI 
K4«PS<D^-tt©RK*#ASK6 5. Cft6<Z)## 

>h^6Dtft**rnIK:5C««iLrii4Ci*^L, 

^^t^fflC^^t 120 (a) tcW^Sft. «T 
fcBMBSftS., ««JCC, *I«c»ff3ns^*4t?»a 

ib^ori^CMPglWUt, T^H-SBB (IP 
^-t±6ft4 (Xf ->7'2 5 0) 9 is 

^^*^ + 4»^T#4 B Tgtff-iS^©— «*JS^4hu 

ccDis^*^^, isasftfcffls©^*^-? 

fte<=t^tc, ^X^^CDf^ : e^^btJa)*4 5 0— 1 0 0 

%©PBl^Ctf ^ft^ C 4 L l^o 

[0 07 0] mi&%*>titcm&. «fSO»BT*«f» 
»1±6ftfcJSgg^6fflffi3ft Wf^25 2) , 

TffJffl-r^^tC, «i?^ft^ (^f^7 , 2 54) 8 h 

C^ 0 CCCcttWUfcft*«r«, »fflSftfc«F«B. W 

[0 07 1 ]i20 (b) CC7S3ft4J:5tC. f*tc&^ 

»ssftriifc^y*^+ <x«JaW3ftfc»«) 

l^>^**i>#f#fcft (Xf7 7*2 5 8), SfgLrC^ 

2 6 0) 0 »a3ft?fcW««, #«©#J8H»® 

^I4itl53ft4 Uf^26 4). ffltB^ft/c^aStO 
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(Xf77'26 8) o C<DtiIE<Dt7l&K:te\ 10 

^rtKAn4J:0K-rs»fP*^ri^. WjU*. w 

[00 7 2] *^U-*tC*rLT|gK:«aSttflHH*«« 

* ^ »?/ u r # Aco^t^- ^ ©*J8*JS»IWK:flii> & 
4. 

[0 0 7 5] S/c, *^U~#&C#LTT*tf-S9l2 (IP 50 
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[0 07 6 ] ^«*3^Kftl©a«*fflC^-5C<!:K:J;«5, 

7^3y XA*@:%cci8#6-f s c i^ter**. 

[0 0 7 7 ] tttl^jgfcSfefcCDaSg 

> F^£^LTl>£ 0 A* F^^ftU-if-e- 

COttzHtt, 02 1 (a) tc«^3h, CCCK, 
tf-T»H-3 2^6^if 6tl5U- !f-tf-A3 4 
F2 2*iIjftL/-cejiSn, <Sit'-A7 0 2 
ZBf&L, */c. U— tf-tr-A3 4©— SBtt. 
2 2 0 4*>6KS* 3*rC. 5Wb'-A7 0 6 

J58*tf-A7 0 6tt, T^^ff-Sf^l^ 
ffife (DC) h££D£tf& 0 02 1 (b) tt, C 

ffgi^o-i o^h(Dffiit't^uri^tf 4 dc 

en»-i-4 eta, m^mmmc&(on^ffi*mct,c& 
<tt^»^r«>. cn**i»r*yt«)K:fii**(D«#«i 

[0 07 8]@21 (c) tCJS^n^J:^^, ^ F 2 
2(D»fflfJ(D9 ^ > F «?%«RS-rS«««C»SLffi7 0 4 ' 

4o ^-jrfi-^O^BttDCJSS^^iBttStl 



(19) 

35 

lasLhtt, KSLM7 0 4' it. easnttc^*7o 
0 4' *©na* -aj«?n^t^5^o 

[0 07 9 1 021 (d) tcit. UtSLffi7 0 4' *flH> 

5&c, Dca»©Sf»i««:. fi#ttBftfc:ii«3ft, 

[0 08 0] i'CDJ: 5Cct«5LH*sfE6ti4*»tt, »Rtc 
raira*&i> D WB>*? POKE© 1 ? * > F^CDiffia* 

[0 0 8 1 ] 

[0082] c<Dtc#>, wmy'vteztcmLxjEGmz 

>^ (CMP) ^a<DffliJM0-C&£ o 
[02] *#CT^fi£or«j«3n/d»^«ifflS**r* 

y «B<Dffl!MH * 4 o 
[0 3] (a) — (c ) it. H 2 -f > F^SB 30 

[04] U — tf-b'-A^^LE.oS^L^^t'-A 

[05] U--if-fc*-A#^:t/HcA*fU tf-A^S 

0 2 O^giC J: o r Mffi 3 ft £ ^< * ^ ^ > ^ ^{t:$KDfg 

[0 6] ^^^F^i-fe^^^yconcDffiWWteE 
B> *>lfiU-tf-T^iOW<Dffi*WSa 40 

[07] <y<> F^^nattT*s»^©, su^p* 
[08] ^wtcfiEofciz^wa^-^ffiff©^©^ 

[09] (a) R£>' (b) ^^^Kftft'J^J&J 
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(a) ttwao-^^^y^^wccfefcora^stifc 

f-^fi^oa^Hii^^'r^^^r^o, (b) c 

[010] (a) ^mWteU^Xzfv^ZMimV 

Tsa^mffio^o * ( b ) it. 

[011] (aj^fcjlt B2©SSII«:i:ot»i 

(D^B$<D^:c.;^^T0T'&9. (b) ^P-trX 
*tf©»)x^*atBr*0, (c) it. ¥»ft3ft& 

[012] ##6i£K:f(£oT\ SrI«r*TS^*- 
x > ft/t ■? x^ fc-T * /cJs?)©C M P 7'U -fe X 

[013] ^*-^-^>^$n/c^x^CD^S{bcZ)^tf 

[014] *«W0Ct£o"C. #3£©1f YX©^*6ft/c 
©±4CJBj3E $ ft £MQJ5 3 SrMfflJT-S /c^cDCMP7*n 

[015] (a) it. ffg©/M&u-1f-tf-AK:J: 
orfi^3ftS^**ffi^K*W^4^^^©WB8ffi& 
®rffi0"C&£ o (b) [SSCDjAl^U-lf-t'-ACC 

<fc *ria w ^ ft & ^ * mmxm strs^i^sRW 
[016] *^f— a•?x/^*ffi^cBB■rsi«JaiR^i■^*# 

[017] T#H-<fc* TgtSfoffl^fi^oSJB^WW 1/ 
rjctvg-r a J: 5 cc y'u 9v % > ^Sft/cn > t*^ - * i 

[018] ^i— i4©-r>->^A , 5'c© j e^^*ii3i-rs 

/c^tc n > t: * - * o^-c?f toft StitE© ^ n ^ ^Sg0 

[019] ( a ) - ( c ) it. ^mwm i&m&'* 

> F^*x^ ^;b^^Cct *)7 -fji/^cc^w^ft/cf*^* 
-/^^cc^w^ftfcaoT^ff-oft-^*. ^-ft-eft^-r 

[020] (a), (b) it. is 

^tcTS/caf)©, 7u-* + - hx$>& 0 
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[132 1] (a) tt. mm^y W^K-Jtltffl * 

> F«5«B»©*#«©lBISWaWrffiBir**. (b) 

tt, H2 1 (a) (D^ftW©'*? K©!HIW s 6C0JSS*tc 

<&, ( c ) a, sst^fflj»j-r€)tJ(SLSffi*w-r^^ * > 

^SP»©-A»«OlB«W»rBBI , r**. (d) H 

2 1 (C) ©SftWGVS* F©RftKffi©*fc£<fcLT^ 10 
* F©»ffl9*6OiS»CC^0*D^*ttDCJSS»*W 

10-CMP8R 14-")x^ t 
IB. 2 2-^— JH, 2 4"-7*^-T*>CD^C#4, 2 6* 
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•■•W^^FOM* 2 8-¥tf»»T-A, 3 0- 

*-;k 3 2-U— tf-T^th 3 4-U— tf-fcf- 
A, 3 6->a;b^ 3 8-^*-^>f >1f- F, 40 
•••>5r^;^7'J, 42-^ , J^U^>77^ 4 4- 

46-^AX7''J^, 4 
5 0-S«, 5 5 4-Sn<DK»bT- 

A, 5 6 -eiSe- A, 5 8--^2(DJS*ft:'-A, 6 0 

g-te>1f^^^, 6 6, 6 6' F'Jfliifitk 7 

2, 74, 7 7 8, 8 0, 8 2-«» 

A v 9 150-3>tfa-^ 160 

-TVX:/U^ 15 2-ilJaS7^^ 4 15 4-ffi 
mfcy-i^*, 1 5 6, 1 5 8-|giHffl3t«R 70 2 
-£^t'-A v 7 0 4-ISft 7 0 4* -fiSLffi. 7 
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